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Chapter 9

Robotics in Healthcare: A Brief Introduction 

Bilge Büyükşirin1

Abstract

In recent years, robotics has emerged as a transformative force in the field 
of healthcare. As technology continues to advance, robots are playing an 
increasingly vital role in patient care, diagnosis, surgery, and rehabilitation. 
This study explores the various applications of robotics in healthcare, 
highlighting its potential to revolutionize the way we approach medical 
treatment and improve patient outcomes.

1. Introduction

Instruments used in healthcare operations have long history as medicine 
itself. It is known that medical instruments such as scalpels, lancets, curettes, 
tweezers, tubes and surgical knives made from bone, bronze, silver and iron 
were used in ancient Egypt and Rome. By time and technical developments 
medicine got developed and divided into many branches. And with new 
branches of medicine many specialized tools were invented for special 
operations. After invention of electronics and especially computers, 
automatized tools were started to be used in healthcare. 

Robots are defined as a programmable machines which can accomplish 
complex mechanical tasks by itself. In medicine robots are used in 
rehabilitation, surgical, telepresence, drug supply, social assistance, imaging, 
disinfection, radiotherapy, transport and similar operations. Morgan et al. 
(2022) stated that rehabilitation and surgical applications are first two areas 
where most of the robotics studies are conducted.

In this study robotic applications used in healthcare are examined in 
three sections by their popularity. In first section rehabilitation and mobility 
robots, in second section surgical robots and in third section robots used in 
other operations are investigated.
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2. Rehabilitation and Mobility Robots

Rehabilitation and mobility robots are designed and used to assist 
patients who have difficulty in performing physical activities, increase 
muscle strength and power, strengthen muscle-brain communication, and 
aid patients in various rehabilitation exercises. Rehabilitation and mobility 
robots have various designs to support body weight of the patient and to 
assist movement of limbs. In Fig.1 several designs are illustrated. In Fig.1a 
body weight of the patient is supported by a harness attached to celling 
and movement of the lower limbs are assisted by an exoskeleton. In Fig.1b 
similar to first setup body weight is supported by celling attached harness 
but movement of the feet is assisted by actuated programmable plates. In 
Fig.1c body weight of the patient is supported by a mobile robotic frame 
which can adapt and follow to movements of the patient. In Fig.1d body 
weight of the patient is supported by a mobile frame and movement of the 
limbs of the patient is assisted by an exoskeleton. In Fig.1e a self-balanced 
exoskeleton is used for both supporting body weight and movement assist.  
In Fig.1f and Fig.1g patient has a sitting position and treated limbs are 
assisted by an upper or lower limbs exoskeleton. Finally in Fig.1h a foot 
orthotics is shown which can be used while walking, standing or sitting. 

Figure 1. Rehabilitation and mobility robot designs.
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 It is reported that there are more than one hundred robot systems used in 
rehabilitation and mobility applications indexed in literature (Morgan et al., 
2022). The rehabilitation and mobility robots may have the designs given 
in Fig.1a-h or any combination of them. In table-1 some of the common 
rehabilitation and mobility robots, their usages, their creators and their types 
are listed. These devices provide personalized therapy and can adapt to the 
patient’s progress, making the recovery process more efficient and effective.

Table-1. Rehabilitation and Mobility Robots

Robot Name Purpose Company/
Creators

Type

Lokomat (Jezernik et al., 
2003)

lower limbs rehabilitation Hocoma AG Fig.1a

HAL (Suzuki et al., 2007) exoskeleton, mobility 
assistance, upper-lower limbs 
rehabilitation

Cyberdyne Fig.1e

Hunova (Saglia et al., 2019) rehabilitation and the 
sensorimotor assessment of 
the lower limbs and trunk

Movendo
technology

Fig.1b 
Fig.1f

LokoHelp (Freivogel et al., 
2008)

gait-training, postural training Woodway Fig.1a

ReoAmbulator (Calabrò et 
al., 2016)

gait rehabilitation, ambulation 
rehabilitation, coordination 
rehabilitation

Motorika Fig.1a

ALEX (Banala et al., 2008) neuromotor rehabilitation of 
upper limb function

Kinetek Fig.1g

LOPES (Meuleman et al., 
2015)

gait training for stroke 
patients

University of 
Twente

Fig.1a

String-Man (Surdilovic and 
Bernhardt, 2004)

posture balancing, gait 
assistance

Fraunhofer 
Institute

Fig.1a

Gangtrainer GT (Hesse et al., 
2008)

gait trainer Reha-Stim Fig.1b

HapticWalker (Schmidt et al., 
2008)

gait trainer Fraunhofer 
Institute

Fig.1b

GaitMaster5 (Tanaka et al., 
2012)

gait assistance, feet 
rehabilitation

University of 
Tsukuba

Fig.1b 
Fig.1h

KineAssist (Patton et al., 
2008)

gait assistance Kinea 
Design LLC

Fig.1c

WalkTrainer (Allemand et al., 
2009)

gait assistance Swortec SA Fig.1d

ReWalk (Awad et al., 2020) gait assistance ARGO 
Medical

Fig.1e

NUVABAT (Ding et al., 
2010)

ankle rehabilitation, 
measurement of ankle 
kinematics

Northeastern 
university

Fig.1b
Fig.1f
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3. Surgical Robots

Surgery is defined as a medical procedure which involves cutting the 
patient’s tissues to reach the inner parts of the body, threading a health problem 
and closing of the wounds. Surgical operations categorized as invasive 
procedures where external tools are used inside the patient’s body through 
a cut. Conventional surgical operations which also named as open surgery 
usually need large incisions to access the diseased area and exposes internal 
body cavity to outside. Because of the large incisions patient’s recovery takes 
long time and risk of infection and complications arise. To reduce these risks 
during operation the size of the incision can be minimized. Which is called 
as minimally invasive surgery, where surgery tools got reached to the inner 
parts of the body through natural orifices or small holes pierced to the tissue. 
Using minimally invasive surgery is more advantageous for patients but 
still may get tiring for the operator. The advanced surgical robots specially 
designed for specific procedures and operations make the operator`s job 
much easier. These robots offer enhanced dexterity, 3D visualization, and 
reduced surgical trauma, resulting in shorter recovery times and less pain 
for patients. As a result, complex surgeries are becoming safer and more 
accessible.

Figure 2. General units of surgical robots.

Surgical robots generally have three main units as the manipulator unit, 
the controller unit and the vision unit. The manipulator unit is the main 
actuation unit of the robot, which holds and moves the surgical tools. 
Manipulation unit can be made of 6 or 7 degrees of freedom robot arms 
or specially designed mechanisms. Surgical tools such as scalpels, forceps, 
retractors and clamps are got attached to end effectors of the robot arms. 
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Besides these tools end effectors also contain sensors and cameras to give 
information and vision to the operator. The operator controls the arms 
or mechanisms through the controller unit. The advanced controller units 
usually have haptic feedback property for sensing the tissue and movements. 
During operation the operator watches the operation through the vision 
unit. The operator can be in the same place with the patient or can be 
in another location and control the robots online. Advanced vision units 
provide 3d view beside conventionally 2d view.  

Table-2. Surgical Robots

Robot Name Surgery purpose Company/Creators Image

da Vinci surgical 
system (Freschi et 
al., 2013)

urology, laparoscopy,
gynecology, 
thoracoscopy,

Intuitive Surgical 
Inc

Fig.2a (Intuitive, 
2023)

MiroSurge 
(Konietschke et al., 
2009)

laparoscopy DLR robotics Fig.2b (DLR, 
2018)

Versius robotic 
system (Dixon et al., 
2021)

gynecology, 
colorectal,
renal, laparoscopy

CMR Surgical Fig.2c (CMR, 
2023)

Senhance 
(Samalavicius et al., 
2020)

gynecology, 
laparoscopy

TransEnterix, 
Asesnsus

Fig.2d (Asensus, 
2023)

Monarch Platform 
(Graetzel et al., 
2019)

bronchoscopy Auris Surgical 
Robotics

Fig.2e (Ethicon, 
2023)

Flex® robotic 
system (Mattheis et 
al., 2017)

oropharynx, 
hypopharynx,
larynx

Medrobotics Corp Fig.2f 
(Medrobotics, 

2018)

Sensei X robotic 
catheter system 
(Rolls et al., 2014)

cardiac catheter 
insertion

Hansen Medical Inc Fig.2g 
(Hansenmedical, 

2016)

NeoGuide 
Colonoscope 
(Eickhoff et al., 
2007)

colonoscopy Intuitive Surgical 
Inc

Fig.2h (Farnam, 
2012)

Invendoscopy E200 
system (Groth et al., 
2011)

colonoscopy Invendo Medical 
GmbH

Fig.2i (Invendo, 
2015)

FreeHand v1.2 
(Stolzenburg et al., 
2011)

laparoscopy, 
thoracoscopy

Freehand Surgeon 
Ltd

Fig.2j 
(Freehandsurgeon, 

2023)
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Figure 3. Commercial surgical robots.

Some of commercial surgical robots are listed in Table-2 and their images 
are presented in Fig.3. From these robots da Vinci, Senhance, MiroSurge 
and Versius robotic systems use multiple robot arms. At these systems one of 
the arms holds the cameras and provides information and vision to operator. 
While other arms are used for manupulation of the surgical tools. Other 
robots on the list are special mechanisms consisting of snake-like actuators 
with multiple degrees of freedom, used to explore body cavities such as 
the lungs, stomach, intestines, and main veins and to perform operations 
in these cavities. The FreeHand system is actually a robot assisted vision 
system, which helps the operator to get a clear view of the inner body.

4. Robots Used in Other Operations

4.1. Drug Delivery and Pharmacy Automation

Automation plays a significant role in drug preparation and delivery. 
Robotic systems are used in pharmacies to dispense medication with high 
accuracy, reducing the risk of errors. Moreover, tiny robotic devices are 
being developed for targeted drug delivery within the body, enabling precise 
treatment of diseases while minimizing side effects (Li et al., 2016). 
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In addition to these small-sized robots, mobile robots that carry 
equipment are among the robotic systems trying to gain a place in the 
healthcare industry. While these mobile robots automate routine tasks in the 
hospital on the other hand they are used to deliver medicine and equipment 
to quarantine areas where entry and exit are prohibited.

4.2. Telemedicine and Remote Monitoring

Robots are also facilitating remote healthcare delivery. Telemedicine 
robots equipped with cameras and sensors allow doctors to interact with 
patients from a distance (Koceska et al., 2019). This is particularly valuable in 
situations where physical presence is challenging, such as during a pandemic. 
Additionally, robots can monitor patients in their homes, collecting data and 
alerting healthcare providers to any concerning changes in real-time, thus 
improving the management of chronic conditions.

4.3. Socially Assistive Robots

Socially assistive robots are developed to aid humans through social 
interactions and guidance in various environments (Vulpe et al., 2021). 
These robots usually take cute animal shapes or humanoid forms. With 
their AI support they can take voice commands and even perform long 
chats with users. They are designed to guide and inform users about a 
procedure, location, treatment or similar. Some current research attempts 
to design these robots to provide psychological support and make them a 
part of treatment.

4.4. Radiotherapy Robots

Radiotherapy is one of the most widely used cancer treatment. 
Effectiveness of high energy X-rays over the cancer cells is proven by many 
applications. But while these rays are killing the cancer and tumor cells they 
are also damaging the healthy cells of the patient. This is the undesirable and 
most feared side effect of the radiotherapy. Fortunately, robotic radiotherapy 
overcame this draw back by sending concentrated rays only to the treatment 
area, and adapting itself to patient (Crop et al., 2015).

5. Conclusion

Robotics in healthcare is ushering in a new era of medical practice. From 
the operating room to remote consultations, robots are improving the 
quality of care, enhancing patient experiences, and increasing the efficiency 
of healthcare systems. As technology continues to evolve, the potential for 
robotics to transform healthcare is limitless. However, it is essential to strike 
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a balance between technological innovation and ethical considerations to 
ensure that the benefits of robotics are harnessed while maintaining the 
human touch in patient care. The future of healthcare undoubtedly includes 
robots as valuable partners in delivering the best possible medical services to 
patients worldwide.
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